Purpose To evaluate effectiveness of percutaneous transluminal angioplasty (PTA) for transposed brachiobasilic arteriovenous fistula (tBBAVF), and to analyze the factors influencing patency after PTA. Results A total of 100 PTAs were performed. The technical success rate was 93% and the clinical success was 100%. Only ruptures occurred in 12% as minor complications. Primary patency rate was 61%, 29%, 7%, and secondary patency was 91%, 82%, 59% at 6, 12, and 24 months, respectively. Primary patency rate was lower in tBBAVF with rupture (p = 0.024). Secondary patency rate was significantly lower in the diabetes (p = 0.002).
INTRODUCTION
The transposed brachiobasilic arteriovenous fistula (tBBAVF) is the third AVF recommended for cases in which AVF creation is difficult in the wrist (radial-cephalic) or elbow (brachial-cephalic), according to the 2001 NKF-DOQI Clinical Practice Guidelines for Vascular Access (1) . The tBBAVF was first introduced by Dagher et al. in 1976 (2) . The creation of tBBAVF entails transposition of basilic vein. This process can kink or devascularize the venous segment, increasing the risk of stenosis and thrombosis compared with the brachiocephalic fistula where the vein is left in situ (3) . On the other hand, it is more likely to mature and facilitates rapid outcomes since it uses superficially tunneled large basilic vein (3) . Further, tBBAVF has a lower risk of thrombosis and infection compared with grafts (3, 4) . Based on its unique process and hemodynamic differences, it was hypothesized that the patency or the factors influencing patency may be distinct from that of the other native AVFs.
Percutaneous transluminal angioplasty (PTA) is an important procedure to treat stenosis of dysfunctional AVF (5) (6) (7) , and is simple, safe, effective and widely used (8, 9) . The 2006 NKF-DOQI Clinical Practice Guidelines found that the factors affecting PTA longevity were not clearly identified and probably influenced by multiple factors including surgical techniques (10) .
Turmel-Rodrigues et al. (5) and Neuen et al. (11) showed that upper arm AVFs were associated with shorter postintervention primary patency. However, these studies did not report tBBAVF from upper arm AVF separately. While many studies have reported patency and factors influencing outcome of PTA in AVF (5) (6) (7) (8) (11) (12) (13) , these studies may be limited by their exclusion or small numbers of tBBAVF.
The purposes of our study are to evaluate the patency of PTA for dysfunctional stenosis of tBBAVF and to analyze the influencing factors of patency.
MATERIALS AND METHODS

PATIENTS
Institutional Review Board approval was obtained for this study (IRB No. 2017-10-017-001) and the requirement for informed consent was waived.
In total, 101 patients underwent creation of tBBAVF at our hospital between January 2006 and February 2008. Of these patients, we identified 42 patients who underwent PTA. Characteristics of the study population are listed (Table 1) .
We conducted a retrospective analysis of sequential PTAs in patients from January 2006 to March 2017. The study group included patients who had previous vascular access in the ipsilateral as well as the contralateral upper extremity. Comorbid conditions, the status of dialysis at the time of AVF placement, and history of central dialysis catheters were recorded.
PROCEDURES AND TECHNIQUES
No routine surveillance was performed for tBBAVF. We performed fistulography only when symptomatic fistula stenosis such as high pressure of the AVF, prolonged bleeding or inadequate volume flow was suspected. All procedures were performed by two experienced interventional radiologists. Diagnostic fistulography was performed by inserting a 21-gauge (G) needle (Becton Dickinson, Sandy, UT, USA) into juxta-anastomosis of tBBAVF. Under conditions of decreased arterial inflow, we evaluated the stenosis of anastomotic site through reflux of contrast material via manual compression of proximal portion of puncture site. PTA was performed when stenosis was greater than 70% or was situation of clinical dysfunction. The same basic technique was used for all PTAs. In non-occluded AVF cases, after the puncture site anesthesia with 2% lidocaine hydrochloride, an 18-G needle was inserted into the tBBAVF near the anastomosis and a 0.035-inch guidewire was directed toward the stenotic site. After placement of a 7 french (F) vascular introducer sheath (Terumo, Corp., Tokyo, Japan or Cook Medical, Bloomington, IN, USA), the roadmap image was obtained. A balloon catheter was passed over the guide wire until the most proximal site of stenosis. Balloons with 5-14 mm diameter were used for stenosis (Blue Max/XXL/Cutting balloon, Boston Scientific, Natick, MA, USA or Conquest/Atlas, BARD, Covington, GA, USA). The contrast-filled balloon was inflated to 5 to 30 atmospheres of pressure and held for 1 to 2 min using an Encore 26 manual inflation device (Boston Scientific). We evaluated for residual stenosis, immediately after PTA using the roadmap image.
Residual stenosis exceeding 30% was treated with 1-2 mm larger cutting balloon or a highpressure balloon. Additional stent deployment was performed in case of residual stenosis greater than 50% or complications such as venous rupture. After the procedure, the puncture site was sutured, using a modified purse-string suture technique (14) .
Occluded AVFs (n = 8) were either abandoned (n = 5) or recanalized using percutaneous mechanical thrombectomy (n = 3). We used the crossed-catheter technique (15) (16) (17) . The fistula was initially cannulated with a 21-G micropuncture set (Cook Medical). We advanced the 7 F Desilets-Hoffman sheath (Cook Medical) to the venous limb along a hydrophilic guidewire for aspiration thrombectomy. The thrombus was manually aspirated with Desilets-Hoffman sheath. A 7-8 mm × 4 cm balloon catheter was advanced into the drain vein and 3000 IU of AVF. An angioplasty balloon was used to break the plug. Immediately after the procedure, whole AVF angiography from the feeding artery to the superior vena cava was performed to treat residual stenosis or adherent thrombosis as needed.
DEFINITIONS AND COMPLICATIONS
We defined patency, technical and clinical success and categorized major and minor complication in accordance with Society of Interventional Radiology reporting standards (18) .
Postintervention primary patency was defined as the interval from the time of the first endovascular intervention until rethrombotic occlusion, sequential intervention designed to maintain patency or reestablish patency, or the time of the last measurement of patency. The postintervention secondary patency was defined as the interval from the initial intervention until access abandonment, new surgical dialysis access or the longest recent follow-up period.
The technical success of PTA was defined as residual stenosis less than 30%. Clinical success was defined as resumption of normal dialysis after at least one session of treatment of a thrombosed access, reduction of recirculation to below threshold values after treatment of a stenosis, or continuous palpable thrill (no pulse) extending from the anastomosis.
Any procedural complications were also reviewed.
STATISTICAL ANALYSIS
Each PTA was analyzed primarily for stenosis. Each stenosis was characterized by anatomic location, percentage, length of stenosis and number of stenotic sites. We categorized the stenotic sites anatomically into five groups: 1) central vein, 2) axillary vein, 3) mid portion of basilic vein, 4) juxta-anastomosis (within 3 cm of the arterial anastomosis), and 5) others.
We evaluated the effectiveness of PTA by calculating the postintervention primary and secondary patency rates using Kaplan-Meier survival analysis. The log-rank test was used to compare patency rates.
We used a multivariate Cox proportional hazards model to determine the risk factors for loss of primary or secondary patency according to angiographic findings, clinical variables and AVF age. Results are presented as hazard ratios with corresponding 95% confidence intervals. Statistical significance was assumed at two-sided p < 0.05. Analyses were carried out using SPSS 14.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
A total of 100 PTAs was performed in 42 patients as follows: one PTA in 15 patients (35.7%), two PTAs in 9 patients (21.4%), three PTAs in 5 patients (11.9%), and four or more PTAs in 13 patients (30.9%).
The total number of stenotic sites was 142: one site in 63 PTAs (63.0%), two sites in 33 PTAs portion of the basilic vein (Fig. 1) .
The technical success rate of PTA was 93% (Fig. 2) . Technical failure was reported in 7 procedures (Fig. 3) 
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The mean follow-up was 56.6 months in 42 patients (range, 2.6 to 123.8 months) and 18 patients were lost to follow-up during the study.
The postintervention primary patency for PTA in tBBAVF was 61%, 29%, and 7% at 6, 12, and 24 months, respectively. The median period of postintervention primary patency was 6.5 months (Fig. 4) . The postintervention secondary patency for PTA was 91%, 82%, and 59% at 6, 12, and 24 months, respectively. The median period of postintervention secondary patency was 43.1 months (Fig. 4) .
Predictors of postintervention patency for tBBAVF were analyzed using univariate and multivariate analysis and the results are summarized in Tables 2, 3 , and 4.
The primary patency rate was only significantly lower in angioplasty-induced rupture (p = 0.024) ( Table 3 , Fig. 5 ). Other variables such as age above 75 years, sex, history of central venous catheterization, previous upper extremity access, multiple stenotic sites, location of stenosis, stenotic length greater than 2 cm and balloon type were not associated with any difference in postintervention primary or secondary patency (Tables 2, 3 , and 4). The postintervention secondary patency rate was significantly lower only in the diabetes (p = 0.04) ( Table 4 , Fig. 6 ).
Although not statistically significant, the central vein stenosis was associated with nearly significant decrease in postintervention primary patency when compared with other stenotic sites in patients with a single stenotic site (p = 0.053) ( Table 5 , Fig. 7 ).
DISCUSSION
The tBBAVF is the third option of AVF when the radial-cephalic AVF or the brachial-cephal- In our study, about two-thirds of PTAs had single stenosis, which was similar to other reports (6, 7, 13) . The majority of previous studies reported that juxta-anastomosis site was the common stenotic site (5-7, 13, 19) . However, most of the studies failed to analyze according to the type of native AVFs. Furthermore, the criteria for stenotic site classification varied among the reports. Rajan et al. (7) analyzed the stenotic site according to the type of native AVF and the frequency of stenotic sites varied according to the type of fistula. Stenosis was most prev- ic fistulas in their study (7) . However, no studies reported exclusive analysis of the frequency of stenosis in tBBAVF. In our study, the most common stenotic site of tBBAVF involved the mid portion of basilic vein (31.7%) and the second most common stenotic site was axillary vein (26.8%) (Fig. 1) . Mid-portion of the basilic vein is the site where the dialysis needle is punctured. The site of kinking of venous segment during the transposition of basilic vein is axillary vein (3).
Heye et al. (13) and Trerotola et al. (20) mentioned that the technical success varied according to the access type. In the study by Heye et al. (13) , the technical success rate of tBBAVF was 87.5% and the success rate of radiocephalic AVF was 94.3%. In our study, the proportion of technical success of tBBAVF was 93% comparable to that of radiocephalic AVF.
Several studies have reported shorter postintervention patency of upper arm AVF compared with that of forearm AVF (5, 7). Neuen et al. (11) mentioned that increased hemodynamic shear stresses, possibly due to higher flow rates and pressures in larger upper arm blood vessels, explained this observation. However, in our study, the patency rate of tBBAVF after angioplasty was as high as that of forearm AVF in other studies except for the study of Jeong et al., which had a higher rate of primary patency (Table 6 ) (5, 6, 8, 13, 19, 21) . There Turmel-Rodrigues et al. (8) suggested that a minor overdilatation is preferable and carried low risk, since we now have the means of controlling any type of rupture percutaneously. A few studies reported successful covered stent deployment to salvage AVF complicated by venous rupture (25, 26) . However, these were not reviewed according to the different types of AVF, especially tBBAVF. In our study, the primary postintervention patency rate of tBBAVF was significantly lower in angioplasty-induced rupture despite successful treatment with balloon tamponade or stent deployment (p = 0.024) ( Table 3 ). The reason for this lower primary patency in angioplasty-induced rupture is unclear, however, tBBAVF may be vulnerable to rupture due to devascularization of the venous segment during transposition. In this study, the angioplasty-induced rupture occurred in 12% of tBBAVF, which was mainly in the mid portion of basilic vein, similar to the result of Turmel-Rodrigues et al. (5) Beathard (22) investigated the success of angioplasty at different stenotic sites and found that angioplasty of subclavian vein stenosis resulted in poor long-term success. Our study also showed similar results indicating that the presence of central vein stenosis almost significantly lower in the postintervention primary patency than in other stenotic sites (p = 0.053) (Fig. 7) .
While several studies have reported that patency of PTA is related to stenotic length (6, 12, 19) , no relationship between stenotic length of tBBAVF and patency was identified in our study (p = 0.98). The majority of subjects in previous studies were radiocephalic AVFs, which may be responsible for the differences between studies.
The central dialysis catheters were found to be vulnerable to infection and thrombus, and subsequent stenosis interfered with the creation of a future arteriovenous access (8, 23) .
However, a history of upper extremity vascular access as well as central dialysis catheter insertion was not associated with postintervention patency in our study (Table 2 ).
Other studies reported that clinical variables except diabetes did not affect the postintervention primary or secondary patency (6, (11) (12) (13) . In our study, diabetes was the only factor that lowered postintervention secondary patency (p = 0.04) (Fig. 6) . The result suggesting that diabetes lowers the patency of PTA is similar to the study of Clark et al. (6) and Heye et al. (13) .
As shown in many studies, a younger AVF age was associated with poor postintervention patency (5, 6, 11, 13) , probably due to immature AVF as reported by Manninen et al (27) .
These may be supported by our results that more common stenosis was noted at the axillary vein in the younger tBBAVF than in the older tBBAVF (46.1% vs. 11.8%). The axillary vein is vulnerable to maturation due to transposed segment of tBBAVF. However, previous studies had a limitation in that the majority of native AVFs were forearm AVF and the number of upper arm AVF as well as tBBAVF was small. The relationship between tBBAVF age and postintervention patency in our study was contrary to the results of most previous studies (5, 6, 11, 13) . In our study, no statistically significant loss of postintervention primary or secondary patency was observed in young AVF stratified into groups younger than and older than 6 months or 1 year. We assumed that postintervention patency of tBBAVF was less affected by AVF age because maturation of tBBAVF was nearly a month faster than other native AVFs (3).
The major limitation of this study was its retrospective design, limitation to a single institution without a control group. However, compared with other studies to date, we analyzed the largest number of PTAs of tBBAVFs. We did not analyze the effect of technical success on postintervention patency due to the small number of technical failures. However, most studies reported no association between technical success and postintervention patency (6, 13, 28 ).
In conclusion, PTA is a safe and effective intervention for dysfunctional stenosis of tBBAVF based on its unique transposition of the venous segment. We suggest that repeated PTAs in tBBAVF are acceptable due to excellent secondary patency and absence of major complication. Loss of postintervention primary patency of tBBAVF is influenced by angioplasty-induced rupture and possibly central vein stenosis. Diabetes per se has a significant effect on postintervention secondary patency. Patients with tBBAVF with these additional risk factors may need frequent surveillance to prolong AVF longevity.
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